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ALTTTUDE-CHAMBER PERFORMANCE OF BRITISH
ROILIS-ROYCE NENE IT ENGINE
IIT - 18.00-INCH-DIAMETER JET NOZZIE

By Ralph E. Grey, Virginia L. Brightwell, and Zelmar Barson

SUMMARY

An altitude-chamber investigation was conducted at the NACA
Lewis laborstory to determine the gltitude performance character-
istics of the British Rollsg-Royce Nene II twrbojet engine with
an 18.00-inch~diameter Jet nozzle. Results are presented for simu-
lated altitudes. from sea level to 65,000 feet and for ram pressure
ratios from-1l.10 to 3.50 (corresponding to flight Mach numbers from
0:37 to 1.47, assuming 100-percent ram pressure Trecovery).

Typical performance-date plots are presented to show graph-
ically the effects of altltude and of flight ram pressure ratio.
Conventional correctlon methods were applied to the data to deter-
mine the possibility of generalizing each performance parameter to
a single curve. A complete tabulation of corrected and uncorrected
engine-performance parameters ls presented. A comparison of engine
performence wlth the 18.75-, 18.41-, and 18.00-inch-dlameter Jot
nozzles and wlthout a Jet nozzle 1s made to show the effect of
changes In nozzle size under simulsted-flight comditions.

The investigation showed that engine performance obtained at any
one altitude could not be used to predlct performance at othex
altitudes above 30,000 feet with the 18.00-inch-dlameter Jjet nozzle.
For varying ram pressure ratlos at a given altitude, engine per-
formance can be predlcted from data representing other ram pressure
ratios only when critical flow exlsts In the Jet nozzle.

A comparison of the engine performance with the three Jet-
nozzle sizes and without a Jet nozzle at an altitude of 30,000 feet
and a ram pressure ratio of l.70 Indicated that the 18.00-inch-
dlameter Jet nozzle gave the lowest values of net-thrust specific
fuel consumption at practicelly all engine speeds. At lower ram
pressure ratios, the 1l8.4l-inch-diameter Jet nozzle gave lower
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2 NACA RM ESOA3L

velues of net-thrust specific fuel consumption at high engine speeds.
Jet thrust, net thrust, fuel consumption, and tail-pipe indicated
gas temperature generally increased with use of the smmller nozzles.

INTRODUCTION

The altitude performence investigation of a British Rolls-
Royce Nene II engine was conducted In an altitude chamber at the
NACA lLewle laboratory during 1948. Three different Jet-nozzle
diameters were used In the investigation of this engine to deter-
mine the effect of nozzle size on engine performance. A limited
amount of date was obieined without a Jet nozzle attached to the
engine tall pipe.

The principal obJectives of the investigation were to deter-
mine the altitude performance with an 18.00-inch-dilameter Jet
nozzle and to determine the range of simulated-flight conditions
over which the performance parameters might be generalized to a
single curve. The effect of change in Jet-nozzle size on altitude
performence was of Interest, particularly wilth reference to engine
specific fuel consumption, because a Jet nozzle smaller than stand-
erd can be used at cruise conditions wlithout exceeding allowable
temperatures. A smeller Jet nozzle should give higher thrust and
posaibly lower gpecific fusl consumptlion over nearly the entire

range of engine sgpeed.

The effects of altitude and flight speed on the over-all
engine performance using the standard 18.75- and an 18.41-inch-
diameter Jet nozzle are presented in references 1 and 2, respec-
tively. The over-all engine performance using an 18.00-inch-
diameter Jet nozzle is presented herein. Resulis are presented
for simulated-flight conditions varying in altitude from sea level
to 65,000 feet and in ram pressure ratid from 1.10 to 3.50. These
ram pressure ratios correspond to flight Mach numbers from 0.37
to 1l.47, essuming 100-percent ram pressure recovery. The conven-
tional msthod of reducing data to sea-level conditions (reference 3)
was used to determine whether performence could be generalized;
that is, whether data obtained at one altitude and ram pressure
ratio can be used to predict performance at other conditions of
altitude and ram pressure ratio. A comparison of performence with
three Jet-nozzle sizes and without a Jet nozzle (open tail pipe)
is presenied as an indlcation of engline performance with a variable-
area Jet nozzle; generalization of performance with varying Jet-
nozzle area, however, 1is not included.
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DESCRIPTION OF POWER PLANT

A cutaway view of the Britlsh Rolls-Royce Nene II power plant,
which is a through~flow turbojet engine having nine combustion
chambers, is shown in figure l. The engine incorporates & single-
stage double-entry centrifugsl compressor (tip diameter, 28.80 in.)
driven by a single-stage reaction turbine (tip diameter, 24.53 in.).
The turbine-nozzle area 1s 128 square inches and the standard Jeb-
nozzle area is 276 square inches. The dry engine welght is approxi-
mately 1720 pounds (sterting panel and generator included); the
meximum dismeter (cold) is 49.50 inches, giving an effective frontal
area of 13.36 squaere feet. The mea-level engine performance with
the stendard 18.75-inch-diameter Jet nozzle (reference 4), based on
Rolls-Royce statlc test-bed data, is:

Rating Jet thrust|Engine speed Specific fuel
(1p) (xrpm) consumption
(1b/(hr)(1b thrust))
Take-off . 5000 12,250 1.04
Military 5000 12,250 1.04
Max. crulse 4000 11,500 1.02
Idle 120 2,600 ———

From these values it can be seen that the rated military thrust
per unit welght of engine is 2.91 pounds thrust per pound welght,
end the rated milltary thrust per wmlt of frontal area is

374 pounds thrust per square foot. The maximm allowabls tail-
cone gas temperature is 1365° F with the stendard 18.75-inch-
diameter Jet nozzle.

A sea-level acceptance run of the englne with the standard
18,75-inch-diameter Jjet nozzle, with minimum research instru-
mentation installed, showed a thrust of 5110 pounds and & spe-
cific fuel consumption of 1.0l pounds per hour per pound of
thrust at an engine speed of 12,261 rpm.

APPARATUS AND PROCEDURE
Altitude Test Chamber

The engine was installed In an gltltude test chamber 10 fest
in diemeter and 60 feet long (schematically shown in fig. 2). The
inlet section of the chember (surrownding the engine) was separated
from the exhaust section by a steel bulkhead; the engine tail pipe
passed through the bulkhead by means of a low-friction seal. The
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seal was composed of three floating asbestos~board rings so

mounted on the talil pipe as to allow thermal expansicn In both
radial and axial directions, as well as a reasonable amount of
lateral movement to prevent bindlng. '

1253

Engline thrust wes measured by a helanced-pressure-dlaphragm-
type thrust indlcator outside the test chamber, commected by a
linkege to the frame on which the engine wms mounted in the chamber.

An A.S.M.E. type flat-plate orifice mounted In & satralght run
of 42-inch-diameter pipe at the approach to the test chamber was
provided for measuring engine alr consumption. Because of the
large variation in atmospheric conditions Investigated, conslderable
difficulty was encountered with condensstion in the orifice
differentiel~pressure lines despite repeated attempts to remedy
this situation. IFngine alr consumption wae therefore cealculated
from pressure and temperature measurements In the tall plpe, as
described in the appendix.

Ream-alr pressure was controlled by a main, electrically
operated butterfly valve in the 42-inch alr-supply line, bypassed 5
by & 1l2-inch, pneumstically operated V-port valve. Alr was
supplied by elther a combustion-air (moist, room temperature)
system or a refrigerated-air (dry, cooled) system at temperatures
near those desired. Final control of alr temperature was accom-
plished by a set of electric heaters in the bypess line immediately
rreceding the entrance o the test chamber. The alr entered the
test chamber, passed through a set of stralghtening vanes, and then
entered the engine cowle. The purpose of the cowl was to prevent
direct circulatlion of heated alr from the region of the tail pipe
and combustlon chasmbers into the aft Inlet of the compressor. The
alr so heated was therefore mixed with the cooler alr supply before
entering the compressor.

The exhaust Jet was dlscharged Into a diffusing elbow mounted
in the exhaust section of the chamber. This elbow ducted the gases
into a dry-type primery cooler. Control of the exhaust pregsure
wag obtained by a main, electrically operated bubterfly valve,
bypaessed by a 20-inch, pneumstically operated butterfly valve. The
geses then passed through a dry-type secondary cooler and thence
into the system exhausters.
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Imstrumentation

Compressor-inlet temperature and total pressure were measured
by elght probes, each comprising sn iron-constenten thermocouple
and a totel-pressure tube. Four probes were equally spaced arowmd
the periphery of the front compressor-inlet screen and four arowmd
the back screen (station 2, fig. 3). Control of ram pressure and
temperature wes based on the averaged readlings of the elght probes.
Compressor-discharge pressures were measured at the exit of
compressor-dlscharge elbows 1, 4, and 7 by seven total-pressure
tubes in each elbow.

Engine tail-pipe temperatures at station 6 were measured by
25 chromel-alimel, stagnatlon-type thermocouples located in an
iInstrument ring. The Instrument ring also included 24 total-
pressure probes, 14 statlic-pressure probes, and 4 wall static-
pressure taps. This instrumentetion was located aprroximately
18 inches downstream of the tall cone. In addition, the four
standard Nene engine tail-cone thermocouples supplied by Rolls-
Royce Litd. were mounted in the tall cone and were used for engine-
control purposes. Pressure and temperature instrumentation was
also located at other statioms throughout the engine; measurements
from this instrumentation are not reportved.

All pressures, including the thrust-indlicator-diaphragm pres-
swre, were Instantaneously recorded by photographing the manometer
panel.  Temperatures were recorded by two self-balancing, scanning
potentiometers, which regulred sbout 3 minutes to record all engine
temperatures.

Engine speed was msasured by an impulse counter, which operated
on the frequency of & three-phase generator moumted on the accessory
case of the engine. Actions of the commter and a timer were
synchronized.

Fuel consumption was measured by a callbrated variable-area-
orifice flow meter, which allowed full-gcale readings for wvarious
rangses of fuel flow by changing the orifice flow aresa.

With the exception of air consumption, performance data were

generally reproducible within 2 percent. Air-consumption data
scattered appreciably at high englne speeds and were, 1ln general,
reproducible only to within 5 percent with a few points showing
even greater scatter.
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Procedure

Performence charecteristics of the engine were determined over
a range of engine speeds at simulated eltitudes from sea level to
65,000 feet and ram pressure ratios from 1l.10 to 3.50. Inlet-air
temperatures were, in general, held tc within 3° ¥ of NACA standard
values corresponding to the simuleted-altitude and ram-pressure-
ratio conditions. Compressor-inlet total pressures were held at
values corresponding to the simulated-flight conditions, assuming
100~percent ram pressure recovery.

RESULTS AND DISCUSSION

A summery of performence and operationel date obleined at
simulated-altitude conditlons ls presented in table I. Altitude
data corrected for smell variations in compressor-inlet pressure
and tempersture settings and for variations in exhaust-pressure
settings are summarized in table IT. Teble II also includes the
date corrected to conditione of NACA standard sea-level static
pressure and tempersturse at the compressor inlet.

Simmlated~-Flight Performance

Effect of altitude. - Typical performsnce date from table II,
obtained at a ram pressure ratio of 1.30 and simulated altitudes
from sea level to 60,000 feet, are presented to show the effect of
altitude on Jet thrust, net thrust, air consumption (cooling air
excluded), fuel consumption, net-thrust specific fuel consumption,
and tail-pipe indicated gas temperature (figs. 4 to 9, respectively).
The trends shown are similar to those discussed in reference 1; that
is, Jet thrust, net thrust (except at low engine speeds), air con-
sumption, and fuel consumptlon rapidly decrease wlth an increase in
altitude and net-thrust specific fuel consumption generally decreases
up to an altitude of approximately 30,000 feet, above which this
trend reverses’ to give higher specific fuel consumption at higher
altitudes. Although the date plotted for en altitude of 60,000 feet
are too scattered to indicate this reversal conclusively (fig. 8),
plots (not included herein) of other date from table II make the
reversel In trend evident. This reversal, discussed in reference 1,
is a result of decreasing inlet-air temperature, which increases the
compressor~tip Mach number, thus producing an increase in the com-~
pressor pressure ratio and cycle efficlency. The reversal therefore
apparently takes place at the tropopause (35,332 ft based on NACA
standard atmosphere).

1253
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The specific-fuel-consumption curves are compubed from values
obtained from the faired fuel-consumption and net-thrust curves; any
digcrepancies that occur between the fuel-consumption and net-thrust
data end the falved curves are carried over to the specific-fuel-
consumption curves. The actual date points therefore in many cases
do not fall on the computed curvee.

At englne speeds below 10,000 rpm, tail-pipe indicated gas
tempesrature (fig. 9) decreased as altitude was increased to the
tropopause and then remelned constant with Pfurther increase in
altitude. At engine speeds above 10,000 rpm, this trend was
reversed. Thls reversal in trend takes place at engine speeds
lower then 10,000 rpm for ram pressure ratios greater than the

sample 1.30 data and at higher engine speeds for lower ram pres-
sure ratlos.

Effect of rem pressure ratlo. - Performance datas obteined at
a simulsated altitude of 30,000 feet and at ram pressure ratios from
1.10 to 3.00 are presented to show the effect of ram pressuyre ratio
on Jet thrust, net thrust, air consumption, fuel consumption, net-
thrust specific fuel consvmption, end tail-pipe indicated gas temper-
ature (figs. 10 to 15, respectively).

The Increase in sir demsity at the engine inlet that accompanies
an increase in ram pressure ratio generally increases Jet thrust, air
consumption, and fuel consumption throughout the range of engine speeds
investigated. Net thrust increases with increasing ram pressure ratio
at high engine gpeeds but decreases wlith increasing ram pressure ratlo
at low engine speeds. For the sample dats shown (altitude of
30,000 £t), the reversal in trend occurs at approximately 10,000 rpm.
Net-thrust specific fuel consumption increases with increasing
ram pressure ratio. The tall-pipe indicated gas temperature
in general decreases slightly with increesing ram pressure ratio.

This decrease is small and somewhat lnconsistent and could be
interpreted am data scatter at the higher engine speeds. As

would be expected, an appreciable decrease in temperature occurs
at the lower engine speeds where thers is a tendency for the engine
to windmill.

These trends with varying ram pressure ratio are similsr to
thoge discussed In greater detail In reference l.

Generalized Performance

Performance data representing englne operation at altitudes
from sea level to 65,000 feet and at ram pressure ratlos from
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1.10 to 3,50 were reduced in the conventional manner (refersnce 3) :

to NACA standard sea-level conditions. The development of this N
method of generalizing data lnvolves the concept of flow similar- F
1ty and the application of dimensional analysis to the performance

of turbojet engines. In thls development, the efficiencies of

engine componsnts are conslidered to be unaffected by changes in

flight conditions at a given corrected engine speed.

Effect of altitude. - Typical corrected englne performance
data (table II) obtained at a ram pressure ratio of 1.30 and sim-
ulated altltudes from sea level to 60,000 feet are compared to
show the effect of altitude on the corrected values of Jet thrust,
net thrust, alr consumption, fuel consumption, net-thrust specific
fuel consumption, and tall-plpe indicated gas temperature
(figs. 16 to 21, respéectively).

The corrected values of Jet thrust and net thrust (figs. 16 and
17) generalize for all altitudes up to 30,000 feet. At higher alti-
tudes, the thrust decreases with increase in altitude. Thle decrease
In thrust.with-altitude is less than that shown in references 1 and 2 .
because with the 18.00-inch-dilameter Jet nozzle the englne operates
at higher preasure and temperature levels. The decrease 1ln alr den-
gity with increase in altltude therefore has less effect. Also, .
because an appreciable scatter exists In the available date for high
altitudes, no consistent trend in alr consumption wlth lncrease in
altitude is indicated (fig. 18). Corrected fusl consumpiion
(fig. 19) increases slightly wilth increase in altitude at high values
of corrected spesd. Plote of other data from table II show that at
low engine speeds, fuel consumption Increases rapidly with increase
in altitude, as 1s also shown in references 1 and 2. The corrected
net~-thrust specific fuel consumption curves (fig. 20) generalize up
to an altitude of 20,000 feet. Above 20,000 feet, the corrected
specific fuel consumption increases wilth Increase.in altitude. The .
60,000-foot data points do not fall on the computed curve, as
explained In the dlscussion of figure 8. The corrected tail-pipe
indicated gas temperature (fig. 21} generalizes for all altitudes
investigated.

Effect of ram pressure ratio. - The conventional method of
generalizing data was specifically developed to adjust for changes
in the pressure and the temperature of the atmosphere in which the
engine la submerged. A variation in ram pressure ratio (flight
speed ) changes the performance characteristics because it-has the
effect of changing the compression ratio of the engline. In general, _
the increase in operating pressure that accompanies increase in ram -
pressure ratio ralses the total expansion pressure ratio of the :
engine {from turbine inlet.to jJet-nozzle throat) until critical flow
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is establlished in the Jjet nozzle. After critlcal flow 1ls estab-
lished, the expansion pressure ratio of the engine remains constant
with further increase in ram pressure ratlo. The englne ls then
effectively submerged in an atmosphere having a static pressure

equal to the pressure exlsting in the jet-nozzle throat and is
operating at a constant effective ram pressure ratio. The effectlivse
rem pressure ratio 1s then equal to the ratio of the compressor-inlet
total pressure to the Jet-nozzle-throat static pressure. With criti-
cal flow 1In the Jet nozzle, generalization of flow characterilstics
within the englne should be possible within the limltations discussed
in connectlion with altltude effects.

Typical performance data obtalned at a simunlated altitude of
30,000 feet and ram pressure ratios from 1.10 to 3.00 are compared
to show the effect of ram pressure ratio on the corrected walues of

Fs +
Jet thrust, Jet-thrust parameter _J__gfgél, net thrust, alr con-

sumption, fuel consumption, net~thrust specific fuel consumption,
and tail-pipe indicated ges temperature (figs. 22 to 27, respectively).

Corrected Jet thrust (fig. 22(a)) does not generalize but cor-
rected Jet-thrust parameter (fig. 22(b)), for which the development
is given In reference 1, generalizes for all conditions for which
the Jet nozzle 1s choked. The corrscted net thrust of flgure 23
appears to generallze for ram pressure ratlos greaster than 1.30 at
the higher speeds, but data for ram pressure ratios less than 1.30
do not generalize. Inasmuch as net thrust ls a function of Jet
thrust and air consumption and Jet thrust d41d not generalize, there
is no reascon to expect net thrust to generallize. At higher flight
speeds (ram pressure ratios), however, the momentum of the incoming
alr is greater for a glven mass flow; this largsr quantlity, when
subtracted from the higher jet-thrust values of figure 22(a), causes
the corrected net thrust to generallze for ram pressure ratios above
1.30. Corrected air consumption (fig. 24) apparently generalizes at
all ram pressure ratlos. Corrected fuel consumptlion generallzes at
the high engine speeds when critical flow exlists In the Jet nozzle
(fig. 25). At lower engine speeds the fuel consumptlion decreases
with increase In ram pressure ratio. Net-thrust specific fusel con-
sumption (fig. 26) shows reasonable generalization for ram pressure
ratios of 1.30 and above. Date for a ram pressure ratio of 1.10
show sllightly lower wvalues of specific fuel consumption. The tail-
pipe indicated gas temperature (fig. 27) also generalizes to a sin-
gle curve for engline speeds at whlch critical flow existed in the
Jet nozzle. At lower engine speeds the corrected tail-pipe indi-
cated gas temperature decreases wlth Increase in ram pressure ratio.



10 - NACA RM ES0A31

Effect of Jet-Nozzle Area on Performance

The performsnce of the englne using an 18,00~inch-dlameter Jet
nozzle 1s compared at an altitude of 30,000 feet and a ram pressure
ratio of 1.70 with performance using: (&) the standard 18.75-inch-
diameter jet nozzle (reference 1); (b) an 18.41-inch-diameter jet
nozzle (reference 2); and (¢) engine tall pipe without a Jet nozzlse.
The taill-plpe diameter is 22 inches; therefore, the data without a
Jet nozzle will be referred to as the "22-inch nozzle data."” These
results are presented in figures 28 to 38. The changes in perform-
ance caused by changes in Jet-nozzle area follow the expected trends
discussed in reference 2. Tall-plpe total pressure increases wlth
decrease in nozzle size (fig. 28). Compressor pressure ratio at =z
glven englne speed remains nearly constant for the range of air flow
encountered in this investigation (fig. 29) except at the lower
engine speeds. Because turbine-inlet pressure remsins neerly con-
stant and tall-plps total pressure increases with decressing jet-
nozzle aresa, total-pressure ratio across the turbine decreases with
a decrease In Jet-nozzle area (fig. 30). In order to malntaln the
required compressor work per pound of air, which 1s independent of
nozzle size (fig. 31) and represents nearly the entire turbine power b
output, it ls necessary to operate the turblne at a hlgher temper-
ature level as the Jet area 1s decreased, which results 1n an
increase in both turbine-inlet total temperature (fig. 32) and tail-
pipe temperature (fig. 33). Except at the high engine speeds, the
increases in turbine-inlet total temperature and in tail-pipe indi-
cated gas temperature are nearly equal.

For critical flow in the turbine nozzles, air flow is essen-
tially proportional to the turbine-~inlet pressure, which ls nearly
constant, and inversely proporticnal to the square root of turbine-
inlet temperature, which increases with a decrease in nozzle size;
therefore, alr consumptlon decresases with decreasing Jjet-nozzle
area (flg. 34). Because the alr-consumption data included herein,
as well as those of references 1 and 2, were not sufficiently con-
sistent to indicate trends of small magnitude, the curves of fig-
ure 34 were obtained from & single falred curve for each nozzle
size, using corrected data for altitudes up to 30,000 feet at a
ram pressure ratio of 1.70. Air consumption generalizes with alti-
tude up to 30,000 feet, as is shown in figure 18; it is therefore
posaible to-invert the correction factors and to apply them to the
corrected parameters to obtaln a smooth curve of proper magnitude
through the actual altitude data points,., The ajr-consumptlion
values of figure 29 were obtalned from these same falred curves.
The data points of figure 34 are actual altltude data, and when
plotted alone, they do not indicate the trend too clearly. The -
expected increase in fusl consumption accompanles & decresase 1n
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nozzle size (fig. 35). Jet thrust increases with a decrease in
nozzle size (fig. 36) because of the increase in tail-pipe tobal
pressure. The trend followed by net thrust (fig. 37) is similar
to that for Jet thrust. At a ram pressure ratio of 1.70, net-
thrust specific fuel consumption (fig. 38) decreases with decrease
in nozzle area at most engine speeds; at high engine speeds, the
three smaller nozzle sizes glve simllar values of net-thrust spe-
cific fuel consumption, whereas the 22-inch nozzle gives a much
higher velue. At lower ram pressure ratios (flight speeds), how-
ever, the 18.41-Inch-diameter Jet nozzle gives the lowest wvalue of
net-thrust specific fuel consumption over & larger portion of the
high-engine-speed range.

SUMMARY OF RESULTS

The following results were obtalned from an altitude-chamber
investigation of the performance of a British Rolls-Royce Nene II
turbojet engine using an 18.00-inch-diameter Jet nozzle:

1. Engine-performance parameters, except for air consumption and
tail-plipe Indicated gas temperature, could not be predicted for alti-
tudes above 30,000 feet from date obtalned at one particular altitude.

2. Performance data at any ram pressure ratio for which critiecal
flow exigted in the Jet nozzle could be used to predict performance
at any other ram pressure ratio in the critical flow range within the
limits of thls investigation.

3. The 18,00-inch-dlameter Jet nozzle indlcated a lower value
of net-thrust specific fuel consumption over substantially the entire
range of engine spesd lnvestigated than elther an 18.41- or the
standard 18,.75-inch-dlameter Jet nozzle at an altitude of 30,000 feet
and a ram pressure retio of 1.70, At a ram pressure ratio of 1.30,
however, the 18.41-inch-diameter Jet nozzle gave the lowest wvalues
at high engine speeds. The engine operating without a Jet nozzle
ettached to the tall pipe gave a much higher value of net-thrust
specific fuel consumption. Jet thrust, fuel consumption, and tall-
pipe indicated gas temperature all Increased when smaller Jet noz-
zles were used, whereas air consumption showed a slight detrease.

Lewls Flight Propulsion Laborsatory,
Netional Advisory Commlttee for Aeromautics,

Cleveland, Chio.
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APPENDIX - CALCULATIONS

Syubols

The following symbols are used In the calculations and on
the flgures: :

A area, sq It

D  diameter, £t

F  thrust, 1b

acceleration due to gravity, 32.2 ft/sec®
enthalpy, Btu/lb

mechanical eguivalent of heat, 778 f+-1b/Btu
thrust constant

Mach number

engine speed, rpm

o2 23 H 9 H ®

absolute total pressure, lb/sq f%

absolute static pressure, 1b/sg £t
ges constent, 53.3 £t-12b/(1b)(°F)

total temperature, °R

gtatic temperature, °R

< o B 2 o

velocity, f£t/sec

Wy air consumption, lb/sec
Wp fuel consumption, 1b/hr
Wg s flow, lb/sec

7 ratlio of speclific heats

1253
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) ratio of compressor-inlet absolute total pressure to absolute
static pressure of NACA stendard atmosphére at sea level

e ratio of compressor-inlet absolube total temperature to
absolute statlic temperature of NACA standard atmosphere
at sea level

Subscripts:

b barometer

c compressgor
d thrust-measuring diaphragm
i indicated

J Jet

n net

P alrplane

] seal

Station notation (fig. 3):

0 free stream

2 compressor 1lnlet

3 compressor discharge

turbine inlet (cambusition-chamber discharge)

tail cone (turbine discharge)

o o

tail pipe (upsiream of Jet nozzle)

7 Jet-nozzle outlet (throat)
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Methods of Calculation
Thrust. - Thrust was ocalculated by adding to the indicated
thrust (obtained from the altitude-chamber thrust indicator) a
correction factor accounting for the pressure differentlal across
the tail-plpe seal. The relation used was

FJ =Fy + AS(PZ - Po)

where

Fi = K(Pd - P'b)

and the seal area

Alr congumption. - Engine air consumptlon was calculated from
measurements of tempsrature and total and statlic pressure in the
tail pipe. Total-pressure profiles across the tail plpe were plotted
for each date point; the proflles were then read at eight polnts,
80 selected as to divide the tall-pipe area into four equal concen-
tric, annular areas. The followlng formuwla was then applled to

each of the four areas:
r.A
6
Wg - ﬁEg AZgJAE

where

A 1/4 x tail-pipe area (cold) L _

AHE enthalpy difference between total- and statlic-pressure condl-
tions, determined from reference 5

‘ The static temperatwre in the formula was calculated from the
indlcated temperature by

Te,1
tg = 2

5'
1+ O.8<§E 9

1253
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where the temperature ratio was determined from the tail-pipe total
to static pressure ratio by means of reference 5. The factor 0.8 is
the selected average value of thermocouple recovery factor based on
Instrument calibrations.

Engine alr consumption was then determined from the following
relation by adding the gas flows through the four annular areas

and subtracting the fuel flow:

We
We = V¥g - 3560

Simulated flight speed. - The simulated flight speed at which
the englne was operated was determined from:

-1

P 7
Z _2) -1
Ty =\[28R 77T % (po

where 7 was assumed to be 1.40.

Net thrust. - Net thrust was calculated from Jet thrust by
subtracting the momsenbum of the free-stream air approaching the
engine :Lnle'l'. eccording to ths relatlon

where Vp is slmulated flight speed.

Flfgi?c Mach number. - Flight Mach nurber waes calculated from
the compressor-inlet total pressure, assuming 1l00-percent ram
pressure recovery

I 71 -
2. \7
N 2 2 -
Mo =\7T (PO) *

where 7 wes assumed to be 1.40.
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OPERATIONAL DATA

IE. . e
« - |85 g
: ¢ P o e 1 £ |z |2
. o8 Tl |3 BaStE JEtE 3 3 e s |8
- g = g g 30 30 ~ - .a 8 - % L]
a - 2 . - " a8 HE-s ﬁg; -4 3
- -t — - - [ Y -l »n E ~ E - E 2
of 43 e- @ n? i1 L] - 3 E oF 60} -t - 5 »
Led| 25 EEa | Y | g g 17F Fed E b L - B L B -
o |EER|SEEnER IR | € E? E |2k Y| g2 aa%a:aa.sasu 5 |5
3 ﬂ} Ié; 5- ° E 8. o ia.g 8;.0 - au- §ua§v vaévé .8
» -~ 3 N =II 3 k-:n aA { '_.& ﬁu '&E" o 1w ¥ =1t (JE- i d ]

3 5% | 534|424 25 (558 BB | 2B | 22 | 733 FERE| 5E [33|3iAldi23 A0 28|08 | IF |2 0E
2| 9% (82| BRS| 3 |389] gE | 35| 22 | 35 [FeFQESAR) 3¢ |28 |2RS{IRC|RREEES |3 |2k |23
18.00~-inch-diametior Jot noccle
1 o | sa.72 R 1.29 (562 | 5,996] 1060 [82.67 [ 1085 [ 933 | B78 [1.402 |14 | 1400 200 | 280 | 30 | 140 &% |
2 0 .76 | 29.84 | 1,30 | 560 | 8,020] 1867 | €4.88{ 1650 | 1100 | &880 (1.910 |14 | 1800| 240 | 380 | 31 | 1so| 178
3 0| s8,91!29.81|1.30| 555 | 5,924 909 [ B0.08{ 948 949 | 80O [2.388 |28 | 1800( 150 | 288 | 29 | 336{ 2e0 | 183
4 0| 238.91 | 29.81 | 1.30 | 836 | 7,044 | 1338  57.55 | 1258 [ 1057 | 450 (1.604 |18 | 1600 | 200 | 380 | 34 ) 148|188
8 0] 28,74 ] e9.80 | 1.30 ) 659 | 8,840) 2388 | 70.37 | 2090 | 1173 | 626 |e.167 |go | 1600) 290 | 400 | 31 | 175 205
6 | 10,000 | 54.10 | 20.84 | 1.86 | 861 | 8,032 | 1860 [ 57.30 ( 1108 | e30| 550 (1.804 |34 | 1400} 200! 500 | 30 ) 180|170 | e2
7| 10,000 | 34.01 | 20.50 | 1.68 | 661 | 9,958 | 3332 | 71.26 | 2e40 | 1809 | 778 |2.664 [1e [ 1400} 300 | 400 | 30 | 180 210
8| 10,000 | 54.00 | 20.59 | 1.08 | 565 | 10,802 | 4363 | 79.47 | 3510 | 1206 | 920 [3.168 |1¢ | 1400( 400 33 | 190 | 240
2| 10,000 | 34,14 | 20.54 | 1.668 | 562 | 11,624 | 5484 | 85.02 | 4008 | 2876 | 1200 |3.660 |24 | 1400] 660 | 690 | 32 ] 200 | 280
10 | 10,000 20.69 | 1.70| 586 | 6,020] 1318 ( 51.08] 945 e25| 425 |1.461 |[go | 1500 75| 1307 29 | 10| 245 | 18¢

21 ,000 20,39 | 1.78 | 856 | @,032| 17e8 | 88.22( 2028 | 9328 480 (1.779 (20 | 1500( 175 { 260 [ 51 | 150( 158
12 | 10,000 20.49 | 1.71| 556 | 8,976 2450 | €6.02 | 1550 | 1053 | 816 [2.125 |20 { 1500( 280 | 376 | 53 | 180( 176
13 | 10,000 20,59 | 1.70 | 587 [ 9,972] 3823 | 74.30 | 2360 | 1218 | 700 |2.637 |20 | 1800 310 | 430 | 34 | 170 200
14 | 10,000 20,59 | 1.70 | 857 [ 10,480 4240 | 76.87 | 3046 | 1328 | 878 [2.950 |20 | 1600{ 300 | 390 | 34 | 195 | 238
15 | 20,000 15.70 | 1.28 | 484 | 6,000 498 |26.03| 590 | 868 | 483 [1.489 (22 | e38] so| 75| 27 | 88| o8| s4
16 »,000 13.60 | 1.28) 484 | 8,004 1016 | 33.78| 820 | 996 600 (2.125 (20 | a=si w00 | o g¢ [ 1lo| 130
17 | 20,000 13,70 ) 1.27 482 | 9,980!| 1972 | 44.41] 2600 | 3238 650 [3.185 [20 | B25) 225 | 340 30 | 130 ivs
18 | 20,000 13.75 | 1.28| 482 | 10,e20| BBg . 2218 | 1420 | 1025 [3.689 |20 | B25| 260 | 370 | 30 | 0| 210
19 | 20,000 13.85 | 1.28 | 482 | 11,708} 3329 | 50.77 | 3110 | 1643 | 1276 |4.315 |18 | 82s| 325 | 400 | 30 | 180 3%0
20 | 20,000 13.70 | 1.27 | 474 | 11,824 3480 | 50.99 | 3380 | 1702 | 2360 [4.414 |18 | 226 360 | 440 | 31 | 140 225
e1 | 80,000 13.79 | 2.18| 683 | 8,152 1883 | B1.14 | 795 | 626 440 |1.735 (13 | 1300|230 | 100 | 28 | 180| 170] €1
22 +000 15,74 | 2.19 | 8e2 | 9,980| 3485 | 84.35 | 1986 ; 1197 800 |2.878 |13 | 1300| 275 | 400 | 30 | 18a| 210
23 | 20,000 13.89 | 2.19 | 866 | 10,8268 4372 | 69.00| 2890 | 1380 om0 [5.188 |13 | I300f se0 | 400 | 29 | 185| 2¢0
24 | 20,0 13,94 | 8,15 | 862 (12,360 5244 | T4.34 | 3040 | 1883 | 1150 {3.086 |13 { 1¥0a| 300 | 630 | 30 { 200( 260
28 | =0, 13.54 | 2.281 | Be4 | 12,096 €010 | 7T.48 1722 | 1225 [4.00¢ [1¢ | 1300} 280 { 740 | o5 | 200]| 260
26 | 30,000 8,66 | 1.12| 427 | 8,936 600 24.38| 844]1220| 700 {2.883 |21 | s500| 75| 240 | 85 | 210] 180 | 149
27 B 8.8l | 1.13| 422 | v,936| 1260 | e8.62] 1168 850 [3.897 (21 | soo] 176 | 260 | e7 | los| 160
28 | 30,000 8.76 | 1.10! 487 | 10,740| 1550 | 29.11{ 18522 | 1412 | 1080 }¢.075 |21 800| 240 | 380 | ev { 110( 170
29 | 30,000 8.66 | 1.14 | 484 | 21,248 1851 | 32.14} 1880 6 1200 |4.422 |21 0| 280 | 400 | 27 | 116 208
30 | 30,000 8,78 [ 2.80 | 448 | 8,968 1046 27.63| Bss0| 1055| €50 [2.75¢ |20 55| w0 | 140 | 28 | 110] 0] 148
51 | 30,000 8,75 [ 2.50 | 444 ,964] 14981 | 51.181 10236 | 1217} e28 |s.428 |20 sso) 200 | 280 | o7 [ 115] 260
32 | 30,000 8,65  1.38 | 445 | 10,7041 1989 | 34.02 | 1692 | 1364 | 1000 |3.897 |20 575| 200 | 300 | 28 | 1251 190
33 | 30,000 8.65 | 1,35 | 448 ,508| 2485 | 36.67| 2200 | 1629 | 1500 [4.508 | 20 ers| 290 | 400 | a7 | 140| 220
34 | 30,000 6.04 | 1.52 472 | 6,432 78| 30.19| eso| 24| 810 |2.308 (158 | 630] eo | 120 | 28 | 10| 170 | 248
35 | 30,000 8.04 | 1.52| 4«68 | 9,048 1257 ] 31.27]| @25 | 1027 | 600 [2.643 |15 30| 100 | 160 | 28 | 118 18
36 | 30,000 8.54 | 1.58 (| 462 | 10,000 1818} 35.57 | 1275 1208 | 800 (5.299 | 15 640| 220 ( 330 | 28 | 120( 158
37 | s0,000 8.74 | 1.53 [ 463 | 10,780 | 2548 | 37.49 1393 | 1000 |3.813 |18 | e40]| 270 | 380 | 28 § 126] 178
38 | 30,000 8.79 | 1.B1} 488 | 11,600 2857 | 30.79| 2460 | 1638 | 1275 |4.427 | 1B 60| 300 | 420 | 28 | 40| 210
39 {30,000 | 15.06 | 8.93| 1.80 | 480 »300| 482|24.03| 460 25| 380 |1.445 ] 22 780 60| 26 | es| o8| s8
€© ,000 | 18.14 | 8.80|1.72| 481 | 7,976] 951 30.44| 50| 84| s00 [2.003]22 | T38| 78| 100| 28 | 95} 118
41| 30,000 | 18.456 | 8,82 [1.75| 478 | 8,008 e83] 30.54| 650| 849| 476 [2.023 |24 7%0| 78} 30| =8 | 100( 1eO0
42 | 30,000 [ 16.25 | 8.89 | 1.70] 480 | 10,792} 2602 | 42.14 ] 1900 | 1408 ] 1000 }5.685 |22 | 780) 250 | 380 | 30 | 120] 170
43 | 30,000 22 9.05{1.68]| 482 | 11,600 3130 | 44.40| 2595 | 1620 ] 1250 l4.206 | 22 740| 250 | 380 | 30 | 140( ego
44 | 30,000 | 18.18 | 8,88 | 1.72] 482 | 11,880 | 3320 | 44.24 | 2880 [ 1724 | 1580 |4.383 | 22 740| 310 | 420 | 30 | 150 e30
45 | 30,000 o 8.84 | 1.70{ 470 | 10,824 | 2661 | 42.04 | 2060 } 1429 | 1080 |5.731 {20 | 700| 290 [ 400 | 29 8| 160 | 1s0
48 . 18.14 | 8.74 | 1.73 ] 454 | 10,808 | 3812 | 44.34 | 2136 | 1416 | 2080 |5.841 |20 [ 700| 290 | 420 | 290 | 138 Boo
47 | 50,000 . 8.74 | 1.78 | 440 | 10,768 | 2000 [ 48.51| 2185 [ 1389 | 1010 {3.962 |20 | 700| 250 | 420 | 20 | 138]| 208
48 | 30,000 | 15.24 | 8.74 | 1.74 | 432 | 10,804 | 3019 | 46.07 | 2¢95 | 1400 | 1000 |4.032 {20 | 700| 2 390 | 29 | 20| g00
45 | 30, 1B.14 | 8.74 | 1.73 | 428 | 10,804 | 3085 | 46.858 2350 | 1402 | 1010 [4,102 |20 | 700} 290 [ 410 | 20 | 118( 195
80 | 30,000 | 27.71 | 0.69|2.04| 508 | 8,960| 1886 | 37.19| s840| 969] 850 [2.335 |15 | e00| 100 | 180 | o7 | 180| 180 | 148
51| 30,000 { 17.83 | 8.49 | 2.08 | 505 | 10,012 | e337 | 41.28| 2280 796 [2.970 |15 [ B00| 230 [ 340 | =28 | 280} 185
&2 | 30,000 | 17.65 | 8.64 | 2.0¢ | 500 | 20,000 g«go 42.57 | 1428 | 2199 | 800 |s.017 |15 800 | 220 | 330 | 28 | 150 100
83 | 50,000 [ 17.7€ { 8.70 | 2.02 | 508 | 20,800 | 3017 | 46.42| 2075 1000 [3.808 |26 | 800| 280 | 380 | 28 | 265} 225
B4 | 30,000 | 17.61 | 8.79 | 8.00 ) 506 | 21,613 | 3674 | 48.18| 2860 | 1621 | 1260 [4.063 |18 | so00| 320 | «30| 20 | 170} 250
86 | 30,000 [ 20.37 [ 8.69 [2.34( 529 ( 8,008| 1767 | 30.68] s40| 989{ s2s [2.200(15 | 900! 120 | 180 | 26 | 270| 210 24¢
58 | 30,000 [ 20.43 | a.64 | 2.36| 6ee | 9,960 | 2685 | 46.08| 1506 ( 1189 | 760 |2.867 |16 | 900| 240 | 350 | De | leo| 1es
87 | 30,000 | 80.49 | 8.7¢ | 2.35 | 826 | 10,796 | 5419 | 81.30| 2250 | 1365 | 1000 |3.355| 18 | -s00) 300 | 400 | 26 | 170} 218
58 | 30,000 | 20.44 | 8.99 | 2.27 | 524 | 11,6168 | 4177 | 54.32| 3125 | 1605 | 1ee5 |3.028 |18 | 900| 350 | 440 | 30 | 175} 540

®)verage representing tims in altitude chamber.

ohamber.

Approximately 22 hr hed been acowsulated at

time of lnstallation In altitude



NACA RM EBOA3} o

OBTAINED AT SIMULATED~ALTITUDE CONDITICNS

[]
-
- . |2 [2E . : 5 3
L3 = o [dT - . L
- : 0N BT BEASE B R Ik IE p 3
2 = - Y o |woE - a ~a -~ - -~ & g
- .é L 3 - [-] 3 E. :g‘: - 0& % LA u - :1 L] 5 .u‘ o
28~ 25 | - |7 | & |3 |55 BETUEL|BEIS B BEOBIE RGBS
132 SRR § 158 .S | Bt B Blg B F lp 2
. | §E3 EE R |8 | B |2 |sERE%|E B4 Ll 403,445 |3 |3
.| B ik SR ARG R R R ERERE
— ] 1@ 1 - »a e ]
N ésg; k3o SE | o3| 53 {93 a.:aﬁ: gé sx (983825505158 o | R |30E
2| g8 {384 3G CAECAEER R FEG AL ESREREEN 2 FEHE R E I H AR D
+00-inch-diametar jot nozzle
59 | 30,000 | 24.08 2.74| 558 | 8,996] 2165| 48.33 850 [2.185) 16 | 1040| 170 | 230 | 29 | 185|176} 145
80 | 50,000 | 24.09 | B.74| 2.768| 552 ;10,044 5148| 53.47( 1785 | 1211 800 (2,739 16 | 1040 380 | 29 175 | 210
61| 30,000 24.12 | 8. 8,76 682 [10,702| 3G02| 56.79| R485| 1390| @75 |5.164| 16 | 1040| 290 | 390 | 290 | 190 | 240
€2 | 30,000 | 24.02 | 8. 2.76| 553 [11,504| 47585 | 60.06 5| 1890| 1200 [35.87¢| 16 [ 1040| 390 | 4850 | 29 | 200 | 270
63| 30,000 | 85,87 B 2.73| 624 |11,800 64.50| 3850 | 1671| 1300 |4.085[ 18 | 1040| 490 | 540 | 29 | 180 | 60
64| 30,000 26.02 | 8.89) 2.95| 563 | 8,020 [ 16893 44.38] 648 780| 380 [1.880; 19 1140| 50| 00| e2 [ 170|185 &0
85| 30,000} 26.01 8, 2,93 561 | 9,984 3345) 57.04| 1780 1182| 740 |2.662] 1% | 1180 250 | 370 | ¥ | 175 | 200
88 | 50,000 | 25.94 | 8.40| 3.09| 562 | 10,808 | 4275] 60.24| 2485] 1377 ¢ 5.629| 19 | 1150{ 300 | 400 | 31 | 185 | 230
67 | 30,000 | 25.64 o 2.87| 564 | 11,620 5028 | 64.40| I445 1160 | 4.388| 16 | 1140] 400 | 460 | 29 | 190 | =55
68 | 40,000 | 7.30 | 5.45| 1.54) 425 | 8,524| 629| 16.81] 840| 1005| 400 |2,.437 380 b__ 80| 25 | 100|150} 151
69 | 40,000 7.20 ; B.58) 1.35] 423 [10,020| 77| 19.02| 818) 1255 550 | 5.296] 20 3901 78 120 | 85 | 118 ] 190
70} 40,000 | 7.18 5.35[ 1.34| 426 | 10,800} 1261 | 22.08] 1134} 1438} 1010 | 3.979{ 20 390| 180 240 | 29 | 1151180
71 | 40,000 7.28 | 5.45] L.33] 423 | 11,524| 1505| 23.28| 1482 1671 1210 | 4.484] 20 Sg0]| 228 360 | 28 | 115 200
72 ) 40,000 | 7.26 5.45| 1.35| 422 |11,740 | 1535| 23.00] 1578 1740] 1300 [ £.503| 20 390| 225 | 380 | 28 | 125 ] 220
75 | 40,000 9.62 5.45| 1.77| 458 | 8,684! 835]| 21,89 545 931 500 | 2.452] 185 '500| === 801 28 | 125|170 | 148
74| 40,000 | 9.88 | 5.50| 1.74| 461 |10,016} 1382] 24.69 905 | 1208] 800 | 5.291] 20 500} 1104% 190} 238 | 180 | 160
75 | 40,000 | 9.67 5.65| 1.69| 4589 | 10,640 17790 27.22| 1340| 1420; 1080 | 3.887] RO 500! 2201 330 | 268 | 1281 180
76 | 40,000 €.47 5.55] 1.7L] 4680 | 11,568} 2293} 28,85 1850 | 1642( 1300 | 4.460] 20 800{ e£8Q 30| e8 | 135 210
TT | 40,000 | 11.08 5.,80¢ 1.968| 489 | 7,600 608| 20.20 390| 765 575 {1.780} 28 578 50 35| 25 | 100|120 &6
78 | 40,000 | 11.20 | 8.50| 2,04 478 | 8,000| 776} 22.81 478| 813 450 | 1.973} 25 878 B0 50| 26 | 100|120
79 | 40,000 | 11.28 5.55} 2.035| 480 | 9,986 1641| 32.37| 975( 1192| 800 | 5.126| o5 585| 140 820 | 28 | 106|1
80 | 40,000 | 11,20 } 5.80) 2.00} 482 |10,702| 2016} 30.33| 13801 1405| 1050 | S.828] 16 550 200 | 320 | #8 | 120 ) 170
81 | 40,000 | 11.14 5.601 1,09} 483 |11,8068 | 2420| 32.84! 1940 1649| 1275 | 4.190[ 16 550| 250 | 360 | 27 | 140 | 210
a2 | 40,000 | 11.822 5.70| 1.97) 482 | 11,720 | 2455| 33.01 1699| 1350 | 4.222] 1€ &80| 280 360 | 27 | 146 | 225
835 | 40,000 19.25 | 5.89 | S.44) 584 } 7,988 1420} 33.11 596 | 784| 350 |1.709| 18 880| === 60{ o5 | 150 | 180| &8
84 | 40,000 | 19.15 | S.64| 5.40| 862 7,088 | 2632 41.87] 1334 1187| 790 |2.861| 18 88g| 200 | 325 26 | 170 ] 200
85 | 40,000 | 19.17 §.79 | 5.3} E64 110,792 J161| 45.22| 1960 13882| O350 | 3.117] 18 881| 260 | 380 23 | 195 | 245
a8 | 50,000 5.91 | 3.B58| 1.82; 463 | 9,816 811| 185.53 5868 1189| 780 | S.161( 20 350| === 80| 24 | 125 165 | 148
a7 [ 50,000 | 5.88 5.30 | 1.77] 483 | 10,818 1078 17.34f 870 1411} 1050 | 3.862 340| 100 | 180 24 | 180§ 178
88 [ 50,000 | 5.88 | 3.35| 1.74{ 462 [11,532| 1261 | 17.40[ 1152 1655! 1300 | 4.330( 20 320} 170 | 250 | 24 | 140{ 300
89 | 50,000] 7.38 5.40 | 2,17 | 478 | 7,864| 479| 13.58| =295( 793| 375 |1.915] 18 4001 25 18| 22 145 67
90 | 50,000 7.38 3,45 8.14| 480 9,996 | 1085| 18.35 655 | 1202 800 | 5.105| 18 400 75 100 E1-3 120 | 180
91 | 50,000 7.32 3.40 | 2.15] 477 10,800| 1386( 19.95 630] 1412| 1050 | 3.688] 16 400| 125 200 | 28 | 135[ 180
$2 | 50,000] 7T.38 | 5.35| 2,20 | 483 [ 11,596 1638 | ===~~| 1275]| «v=={ 1350 | w=~=-| 16 400 200 | 310 | 25 ] 150 | 225
83 [ 50,000} 11.94 | J.79 | 5.15| 882 | 8,308| 905 £20.97 94| 833 430[1.795| 19 600| == 30| 13 | 180 [ 210 &9
94 {50,000 11.99 | 5.60 | 3.25| 561 | 9,9680] 1884 | 26.26 848 | 1193 780 | 2.685| 19 600| 100 | 1504 21 180 | 210
®5 {50,000 | 12.08 3.84 | 3.31 | 584 |10,784] 19684 | £28.46] 1264 1398} 1000 | 3.138| 19 800 200 | 300} 23 } 1885|220
96 | 50,000 | 11.93 | 4.09 | 8,92 ] 564 (11,502 2394 | 30.87] 1758 1618} 1240 | 5.620| 19 600| 260 | 370 | 235 | 15 | 250
97 160,000 2.76 2.06 | 1.34 | 451 | 20,686 419 | 7.90| 408]| 1409 825 | 5.793| 24 200 === 23] 16 | 180 | 275 | 153
98 | 60,000 2.86 1.96 | 1.48| 453 | 11,118} 818( 8,27 488| 1581) 700 | 3.838| R% 200 === f8 { 18 ) 180 | 285
99 |80,000| 2.72 1.96 | 1.38 | 451 [11,840 &42 884 1705| 800 | 4.150] 23 200| == 80| &1 | 165|285
100 | 60,000 3.79 | 2.05|1.85( 458 |10,116] 570 B8.94 432 | 1248) 880 | 5.383f 20 280 == 25 24 | 145 | 200 | 147
101 | 80,000 | 3.72 | 2.06 1.8} 460 |10,856) 694 | 10.47| 684| 1434] 1050 | 5.798| 20 2850 === 60 | 22 ) 148 | 205
102 ) 60,000 3.62 £.00 [ 1.8 461 {11,572) 783 | 10.72] T40| 1L878] 1300 | 4.220) 21 850| 80 | 100 22 | 150 %20
103 [ 60,000 | 4.91 | 1.8 ) 2,50 | 424 {10,828 | 10768 | 14.81] 808 | 1450] 535 | 4.020] 20 300 110 | 25 | 110 180 | 182
104 | 60,000 | 7.55 2.14 | 3.52 | 564 8,5‘02 671 | 4.5 326 962 550 | 2,033} 19 400 | === 20| 11 | 190|230 | 60
108 | 80,000 | 7.83 | 2,04 | 5.89 | 880 |10,012 ) 1000 | 18.51 552 | 1208| 800 | 2.669[ 1% 400 =-= 80 | 20 } 190|220
106 [60,000 | 7.45 | .20 | .28 | 565 10,002 1213 | 16.10} 818 | 1420| 1000 | 3.148| 1@ 400| 50| 150 | 22 | 190 | 825
107 | 63,500 | 3.85 | 1.65 | 2,20 ) 432 |1]1,406)] 856 | 11.54f 786| 1673| 8600 | £.178| 20 225| R0 | 106 | 24 | 130|200 | 182
108 (64,500 | 2.86 | 1.58 |1.83 ) 444 |11,848 626 | 8.29 594) 1693| 800 | 4,108| = —ee| owe | -—- o= | wme | m——] 152
109 |65,000 4.03 | 1.85 [2.18 | 492 {10,204 | 584 | === 3J60| === 800 | —====| 16 295 25 25 | 22 |1£0|2r0| BB
Without jet nozzle
110 {30,000 { 14.22 | 8.82 |1.61 | 484 (10,032} 1129 | 37,16{ 890| 1054| 400 | 2,8328( 2 670 125 | 200 | 28 | 130 | 170 | 180
111 150,000 | 14.1% 8.92 [1.59 | 484 |10,790| 1626 | 41.91| 1340 | 1198 500 | 3.481| 21 55| 200 320 [ 28 140 | 185
112 {30,000 | 14.87 | 8.82 |1.62 | 484 |11,408| 2205 | 45.81| 1980} 1396] 6850 | 4.208| 21 680| 900 | S80 | 28 | 185 | 215
113 {30,000 | 14.12 | 8.82 11.60 [ 486 [18,284) 2888 | 45.85| 2535 1655 775 4.886| 21 850| 290 | 390 | 28 | 175 | 255

Spverege representing time in altitude chamber. Approximately 22 hr bad been accumilated at time of iInstallation in sltitude

Dashss indicate unknocwn values.
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TABLE II - PERFORMANCE DATA ADJUBTED TO STAMDARD ALTITUDE
{AdJusted for vartations

Point| Altitude| Rem Engine speed Jet thrust et thrust|Alr Fuel Net-thrust specifio|Indicated gas
{£s) pressurs] (rpm) (1) {1b) consumption oo-nnngtl.on Ifusl consumption wtcnger-tmrc
ratio {1v/s0c) {(1u/nr fin/(br}{lb thrust)}(°R
Parame ter ai1-pipe -eone
Alt, | Gorr.{Alt.|Gorr. T, + At j0orr.| Alt.{Corr. |ALt.]Corr. AlE. Sorrs lAlt. Corrd Corr.
Po/Po x LA RINLS /o 3 r, |roe | W, |WaYO/s| We [We/efS) wo/ry | WP, r‘mlw 25,1/9
18.00=-inchedianeter Jet nozele .
1 ] 2.30 5,979| 5,780|1058) 812 3699 -00[ -8 182.51141.93 | 1077 78 - - 97
2 ] 1.30 8,012| 7,719 |1872) 1440 4317 454) 549 165,111561.99 | 1653| 1226 3.843 3.810 [lQpe
3 0 1.30 S,B:Zl 5,729] $13| 702 3878 1-178|-137 {50.03/39.95 | 983| 708 oo hod 963
4 Q 1.30 7,0 6,90811343| 1035 3910 88| 88 {57.00(45.09 {1263] 936 | 14.38 15.76 1049
] o 1.30 8,840) 8,518)|2389| 1837 4714 a83| 666 |70.45)56.28 |20%2| 1580 2.485 | £.303 1le9
] 10,000 i.70 8,040| T,72311939| 1680 b1 150| 120 |se.e7|s2.2¢ |1100| 912 7409 TALT f21
7 10,000 1.70 9,088 ©,B7313467| 2966 5188 |la37/1088 |73.13)85.12 1227F] 1871 1,804 1.768 11206
e 10,000 1.70 |10,848(10,415|4532)|3877 6077 |2048]1752 |(01.45)|72.83 {3578] 2T 1l.848 1.583 lla7m
9 10,000 1,70 [11,624{11,168 5699|4876 7075 (30422602 |B8T.13|77.59 (4674 3841 1.837 1.478 1577
10 10,000 1.70 6,980| 6,8086|1318]11268 33826 |-231(-198 |60.75(45.19 | 950| 781 o o0 233
1l 10,000 1.70 8,078 7,780(1708]1459 3659 =58| -48 [87.74|51.42 11040| 885 -0 o M8
12 10,000 1.70 9,028| 8,672 2842612075 4378 465| 398 |€4.26|57.28 [1545| 1870 3.322 5.191 hoss
13 10,000 2.70 |10,020] 9,628]3820| 3011 5311 (126610683 |75.88|68.79 (2400| 1972 1.808 1.821 1230
14 0,000 1.70 10,551110,116 | 4236|3624 5824 1845{1578 [78.43|69.84 |305T a5l2 1.857 1.5002 [1342
s 20,000 1.30 '} 5,991| 6,215 497| 832 3709 ~42| =7C 26,65/43.00 591{ 1026 oo oo ase
16 20,000 1.30 7,998] 8,893 (1027|1719 4596 306] 546 |34.065|55.90 | 837 1452 2.884 2.689 ege
17 80,000 1.30 9,950(10,361 | 2028|3350 8267 |1108[1850 |45.49]73.40 |16830} 2820 1474 1.529 [1233
18 20,000 1.30 10,631111,2535 2434|4408 7288 |184512752 (48.91178.92 |9240| 3887 1.361 1.412  [1423
e 20,000 1.30 11,720( 12,155 | 34Q0] 5680 8567 (2347|3928 |52.08184.00 (3163| Bz822 1.358 1,408 |1648
20,000 1.30 11,929(18,372]3863| 5962 8339 |2518|4213 |51.68[83.38 [3437| 8968 1.385 1.418 1733
2l 20,000 2.30 8,183 7,8231{1992|1686 3811 3] =31 (53.86(|83 B44| 783 Lasd 827
22 20,000 £2.30 10,028] 9,887|3741|3539 1109 &87.61|66.91 (2038] 1843 1.700 l.828
20, 2.30 |10,839|10,562 4689|4436 6082 192416820 |73.54|72.78 [S001| £71. 1.880 1.402
24 20,000 2.30 |11,816{11,105 8976 [271e|28 T8.24 43 {4001 3619 1.478 1.410 1879
25 20,000 8.30 12,130({11, 867 | 6426)] 8079 ™es 4 |3284 ]81. 81.09 (B188| 4874 . 1.4T7 1!
26 50,000 1.10 8,097| 9,852 | 923)/8aa7 &237 6401061 4.45|67.85 as2 1.347 l.41 108
27 30,000 1.20 9,951(11,029 1270} 3889 ™ 8.15]77.85 |1186| 3963 «366 40
30,000 1.0 120,604|11,841]1571 4813 8213 1229 | 3764 «63181.97 11836/ G178 z.242 1.376 L399
20 30,000 1.10 ]11,238|12,444]1869 8724 9124 1518 |4639 [30.65|84.78 {1884| 6397 1.248 1,379 {1873
30 30,000 1.30 8,928 9,652}11060|2740 8628 16 [28.49|68.30 | 860 2. 1.712 1.880 1041
31 30,000 1.30 9,963/10,77T3[1013( 3! 8799 899 (2330 «04|76.687 |12 $516 . 1217
32 30,000 1.30 |10,600(11,559 4982 7859 [1874]3304 [33.37|680. 1688 4 1.307 1.413 1385
33 30,000 1_.-50 12,480(123,424 2462 6382 9259 (17554549 +44/87.38 (2283 1.289 1,384 16829
34 30,000 1.80 8,344| 8,542 968]2174 4867 236 330 «02]63.64 | €76] 1609 4.866 3.050 9
38 30,000 1.80 8,998 9,528 RTTQ 8263 47811074 +97)|65.87 | 8la| 1lea7 1.663 1.7904 [1019
38 30,000 1.50 [10,004)|10,899 |1791 4518 935 (8101 +09|74.40 |1268] 3007 1.385 1.4356
3r 30,000 1.80 10,773|11, 5228 7718 (1412|3172 «A8[79.47 43588 B 1,373 [391
B8 30,000 1,50 (11,531|12,216(26871| 6449 8942 0.12[85.07 |[2486| 3845 1.376 619
a9 30,000 1.7 6,386] &,623! 492| 978 3178 ~181 | -35¢ <08 |45.54 | 481 @51 o0 o0 70
40 30,000 2.70 7,962( 8,288 945{1873 4073 87| 1713 «47]858.03 a88] 1351 7.804 7.80% 886
41 30,000 1.70 8,003| 8,349] 946{1876 4078 107] 212 [|29.80(66.76 | 695 1436 8.510 8.7T4 [-1-]
42 30,000 1.70 |10,764)11,222 |23422]| 4799 8999 [123612448 [42,14(80.24 |1607| 391 1.536 2.598 1403
43 30,000 1.70 {11,862112,031|3)17] 5175 8378 1186813703 [44.33|04.4) 12887 s202 1.375 1.429 1609,
44 30,000 1.70 11,840 321 | 3308} 6551 8753 13068 4097 [43.99]83.77 57| 5B%C 1.382 l.438 712
45 30,000 1.70 [10,930£11,374 |R6741 5290 74 1406|2068 (41.83[79.85 (2091 4311 1.397 1.45¢ [1457
46 30,000 1.70 [11,104[11,555]|2799| 5845 7T 1569 |3149 «H4 182,77 [E1TR| 4479 1,387 1.4228 R4
47 30,000 1.70 |[11,238(11,694]26888| 5738 7922 16883300 M3I.41(82.88 |2230| 4817 1.344 1.399 Q1813
48 30,000 1.70 11,379)11,04112080) 5904 8104 17633493 [43.22/82.29 |R371] 4889 1.348 1.400 533
49 30,000 1,70 |11,450)11,924 [3078]| 6095 8298 1836|3842 (43.98(83.71 [R4T7| 5107 1.347 1.402 nN877
80 30,000 2.00 8,908| 9,087 15462604 4474 320| 839 PB7.83/62.35 ) 830 1437 2.628 2.866 o858
81 30,000 2.00 9,984 |10,150 |2340]{3948 5812 9601632 +09189.75 (1395| 2390 1.440 l.464 P23l
52 30,000 2.00 [120,081(10, 240714088 5928 1004 |1892 «06|72.58 [(1438| 2463 1.432 1.456 1904
BS 30,000 2,00 [10,75¢|10,938 (3018 | 5084 6054 1404 12817 46.7TT|T7.50 [R0T4] 3552 1.411 [1397
54 30,000 2.00 11,671|11,764 {3711 | ae52 8122 [2130 (3871 .06]|60.95 @908 4981 1.3TR 1.39% 1e00
30,000 £2.30 8,846 8,820 1747|2560 41838 316| 483 [59.64 |B8.28 | 637[ 1223 8.849 £.641
-1 30, 2.30 9, 9,930 12632 ) 2867 2483 9661400 H6.48168.30 [R6OL1 2199 . 1.8646 D10
a7 30,000 8,30 {10,764 110,738 3394|4973 8599 B850 2271 «10178.00 a| 3268 l.44% . nasa
58 30,000 2.30 [11,593]11,8858 [4106}6233 had - 24 |3259 «38)79.87 PB136| 4866 1,408 1.401 Dsos
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21

AND T0 STANDARD SEA-LEVEL ATNOSPEERIO CONDITIONS
in ram pressure ratiol
Polnt ?%:J).hde Ram ?lglxiw apeed {ot)thnut l{ot)thrut Alr ) N r.b-thrnlb np:cu'h Indiocated gas
ssurs b4 1b 1 mption | consuw) on [fuel co! tion raiure
Fatio o tl'i‘:‘/ue J.b/hz'gt Cm}(u—)&b thrust)) W
Parame ter| I3-pips Fall-cone
Alt. | Corr.[Alt.|Corr.| Py + pohy|Alt.[Corr.| Alt.|Corr. (AlL. Corr. Alt. Corr, AlE.[Corrd Corr.
2/%g x Xy |rye |78 Py [P0 | W WO/ W [we/6) Woir, | W/ % 4| %0/ v, 00
18.00-inck=-diametor Jot nocxcle
[ 30,000 2.70 2143 211} 263 [48.51|62.18 | 990 1203 4.897 4.8T4 7L M
80 30,000 2.70 9,998 » 31 5268 980 (1223 [35.45(68.48 |1699| 2084 1.7T54 . 1199 1184
61 30,000 2.70 ]10,730]10,457 4818 8208 |1597|1993 |56.85|72.81 |2392| 2906 1487 1.468 [377 1349
[} 30,000 2.70 » 11,225 |4713| 5380 T265 (23122808 |80.24|7T.19 |3240| 3936 1.401 . nS7S| 14 1857
[~ 30,000 70 [12,058]11,741 88870 BOSS 3628 |63.19[80.98 |4035] 4899 1l.423 1.398 2743) 16 1742
&4 30,000 3.00 8,020{ 7,897 |1956|2197 3444 37 45.43 |55.17 679] 732 18.6Q 17.88 78L] 71 738
85 30,000 3.00 |10,005§9,600 [S447]3871 $84 (1105 188.30 68,23 1970 1. 1.785 [1187{ 10 1110
-3 30,000 5.00 |l0,818 16.5& 43881 4902 8149 17511967 |61.86[72.40 |E500) 2704 1.433 1.378 J1580] 127
a7 50,000 3.00 |11,609{11,141]5223}86868 7113  |2426|2725 |648.20[77.47 |3555) 3829 1.468 1.408 hs7a} 14 1485
88 40,000 1.50 8,527 9,441 6300|2817 5404 5324|1345 ]16.17|60.62 | B49| 2826 1,698 1,877 j0R1] 128 1078
&9 40,000 1.30 ]10,024|11,008| 985(4088 6985 6272802 (18.88|T0.T9 | 823| 3783 1.313 2.454 1266] 184 1239
70 40,000 1.30 |1l0,786 8149 S4T|I514 ]22.34 |83.77 |1146| S269 1.352 1.499 {1429} 17 179l
k28 40,000 1.3 ji1 b 1057 {4 25,04 166,38 |1485| 6815 1.403 1.553 872 2049
T2 40,000 1.30 1002 22.02 [85.54 |1582] Teve 1.450 1.608 746| 21 2188
kel 40,000 1.70 4749 217 21.50 |635.47 545| 1le43 2.511 2.676 934 10 X
74 40,000 1,70 6382 652 (2089 [24.20|72.12 | 883| 298% 1.554 1.443 1198[ 13 1419
75 40,000 1.70 TTAS 1010 26.77 [79.77 |1315| 4441 1.300 1.385 |1415| L 1707
78 40,000 1l.70 f12s 1392 [4419 [|28.70]86.53 [1834] 8304 1.318 1.400 1 18 L1
a4 40,000 2.00 3628 5 7 |20.40{52.85 | 382) 1073 {147.3 153.3 745 88l
78 40,000 £2.00 3932 Sef 140 [22.38150.00 | 471) 1322 9.071 Fe443 820| s8a 994
7o 40,000 2.00 . ezle 5941602 |31.99182.90 *8T| 2772 l.602 1.73¢ [1189( 128 1582
-] 40,000 £2.00 |10,782|11,193]2 5384 254 1037|2797 |5C0.14¢i78.10 |1361| 822 1.312 1.366 [1394| 16 leR4
al 40,000 2.00 2 5468[12, 5488 83568 1366|3685 |(3R. 24.080 |1930| o421 1.413 1.471 1635| 177 1864
a2 40,000 2.00 ’ 12,161 |2426] 8544 8414 1382|3728 |32.80[85.00 |1994 1 1o443 1.502 [sasg| lez2 1949
a3 40,000 3.50 | 7,972 7,658|1444]| 2227 3296 48| -71 |33.40[53.65 | s09| 902 oo haad 78x| 7 L1
84 40,000 3.30 $,9688| 9,595]2873[4122 B19% TOTI1213 |42.20 [67.88 |13s54] 2006 1.722 1.654 11e7) 110 1154
88 40,000 3.50 10,771]10,347|32a8] 4978 6047 45.76 [73.48 |1o7T| 2929 l.e87 1.601 128
as 50,000 1.70 9,753 ,395 | 784] 4021 6211 35911838 |18.44(74.19 568] 3038 1.5682 1.69¢ [1158) 1313 1374
87 50,000 .70 10,749111,452 M 5484 7664 5868(3011 |17.57 [84.41 | 868 4733 1.475 1,573 2354 1 1683
88 50,000 i.m o4 . 1288[ 8581 8781 80214106 |17.56194.47 |1149| e264 1.432 l.%28 }658 185W 1977
a9 650,000 2.00 7,871] 8,194 421)1832 3702 23| 98 [12.82{52.35 | 27T} 1253 10.83 12,79 813 88 927
90 50,000 2.00 * 2389 STO| 4222 6082 426]1862 [17.12|71.55 | 608] 2763 1.428 1.487 1198 12 ilel
o1 50,000 2.00 }10,821)11,263|1260| B483 353 &65|2892 [18.71(78.20 | 865| 3920 1.302 1.358  |1417 1643
ag 50,000 2.00 11,546 »020] 1505{ 6554 8424 Bemapou— -—-= 1176} 6328 —— — ——— —— 19458
3 50,000 3.5 8,308 T,981] 9680|2436 3508 38§ 87 [21.18|54.83 429| 1024 12.2% 11.77 g35| 77 222
24 50,000 3.80 9,989| 9,506|1616)4019 5088 4391093 [26.37 (68.28 | 876| 2095 1.994 1.916 [1198| 11 1147
o5 80,000 3.50 »763]10,339 199449580 e 72811810 [28.39 [73.81 [lR&2| 3015 2.734 1.6686 (396 | 128! a
6 30,000 3,50 (11,870 »114 2801|6221 7290 [1128|2005 [30.7€|78.71 (1v69| 4227 1.%69 1.607 [e2ol 1504f 1679
7 60,000 1.30 10, 11,475 ] 420|4528 7405 264 |2D49 6.206(80,00 | 393[ 4698 1.48% 1.849 1328] 182 1264
b3 80,000 1.30 [10,743}11,894]| 499|3390 8267 344 (3712 | B.19679.92 | 439 5R42 1.27% «412 [1422] 174 1329
o9 60,000 1.30 11,277 |12,466] 5854|5900 8857 399 {4310 | 8.150179.5¢ 587 7010 l.489 1.826 1601] 19 2450
100 60,000 1.70 [19,108]10,769| 528(4364 8564 2980|2458 | 8.30465.06 | 419| 3683 1.406 1.498 D248| 1417 1489
201 60,000 1.70 10,824 L5632 688|55LY 77T 37813120 |10.56[a1.82 | 845| 5671 1.706 1.818 1425] 16 1704
102 80,000 1.7 L525112,270| 788|450C8 8708 486]4010 |11.00[85.24 | T742| SB20 1.528 . 1.528 nesg| 188 1962
103 60,000 2.30 12,738|11,970 | 1066( 6303 812¢% 5586|3874 |13.6R «43 | 876| B4ES 1.487 1.828 [705¢ 1775 1218
104 60,000 J.50 8,875| 8,525| 682|R653 722 Bl 08 [14.35|59.81 [ 320] 1234 | 14.94 14.33 858t 88 929
105 60,000 3.50 [10,052 836 980|3951 5000 241| 988 .56 69.14 | 337) 2087 2 2,155 [e1s| 1 1le8
106 80,000 3.50 10,801 (10,376 | 1237|4059 8028 4291921 }18,11 [75. a21f 3161 1.612 1.837 [428] 131 1568
107 63,800 2.00 [12,105]12,509 | B40|69€d ee7e 503 (4174 [10.58 [84.25 | 8OY| 6568 1.603 1.669 [1835| 2010{ 1814
108 64,500 1.70 [11,7i8[12,485) 636]6304 406 (4158 } B. 06 | 624| 6805 1.530 1.637 [1743| L 473
09 [ 65,000 | 2.30 [10,28410,475| 340{4183 5609 R S YL T JRUNIES S 1433
Witkout jJet noszle
10 30,000 1.70 9,963 (10,380 |1241|2489 5744 274 [50.46 [7T6.14 | 048] 19568 6.889 T.137 pOR4| 1109/ 922
111 30,000 2.70 20,737 [12,173 |1727 (3423 €708 486| 964 H4.41 B 1413| 29514 £.906 3024 1104 | 1e22| 1029
112 30,000 1.70 [11,352111,813 [2413|4782 8067 4 (2129 W4T.92 [91.24 4288 1.926 <004 Lsez | 1497 1120
113 30,000 1,70 [12,199|12,604 [2953]5853 91358 [B76|3124 [49.28 |93.85 RE78| 5521 1.898 1.787 534 188l 1319

%Dashes indicate nrknown valuss.



Flgure 1. « Cutaway view of Britlsh Rolls-Royce Heme IT ttn'bode;. engine .
angine.
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Figure 2. -~ Altitude cbauber with engine installed in test seotlan.
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Altitude
(ft)

20,000
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- & A
g 2000 ///5
»
" v /
" 1000 4
v R
4
0
4,000 6,000 8,000 10,000 12,000

Engine speed, N, rpm

Figure 4. - Effect of altitude on jet thrust.
Rem pressure ratlo, 1.30.
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Altitude
(£t)
o 0
< 20,000
3000 A 30,000
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> bv.'4
-lé 1000 ///
ﬁ Y //
» 7] Ot
2 o -
(//
=1000 ]

4,000 6,000 8,000 10,000 12,000
Engine speed, N, rpm

Figure 5. ~ Effect of altitude on net thrust.
Ram pressurs ratio, 1l.30,
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Alr consumption, W, 1lb/sec

27
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& 20,000
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20 L~
//,/47
v/
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oD
0 . -
4,000 6,000 8,000 10,000 12,000

. Engine speed, N, rpm

Figure 6, - Effect of altitude on air consumption.
Ram pressure ratlio, 1.30.
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Fuel consumption, W, 1b/hr

NACA RM EBOA3Z|

4000
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(£t)

)
20,000
30,000
40,000
60,000
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47

D4dpPOoO
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\&1 N
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e / /
1000 | ,//A y/’///;//Ag’/’/ —_—
A
<>—//< v// ]
0 1
4,000 6,000 8,000 10,000 12,000

Engine speed, N, rpm

Flgure 7. - Effect of altitude on fuel consumption.
~ Ram pressure ratio, 1.30.
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Net-thrust specific fuel consumption, We/Fy, 1b/(hr)(1lb thrust)

oo ¢
0o G
4.4
14.28
4,0
(0]
3.6
3.2 :
Altstude
(ft)
o) 0
< 20,000
2.8 A 30,000
v 40,000
D 60,000
e \5
2.4 \
200 \\
' \
| N
1.6 \ \
ANN\RR_La v
1.2
4,000 6,000 8,000 . 10,000 12,000

Engine speed, N, rpm

Figure 8, - Effect of altlitude on net-thrust specific
fuel consumption. Ram pressure ratio, l.30.



Tail-pipe indicated gas temperature, Tg y, °R

NACA RM EBOA3I *
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&
(4]
1800
Altitude
(ft) 77» .
o 0
$ 20,000 .
1600 A 30,000
v 40,000
D 60,000
/ T
1400
X
1200 1‘
-4 v
7
1000 ]
AY Q/
9 y
Cf//, ' _ NACA,
800 1
4,000 6,000 8,000 10,000 12,000 -

Engine speed, N, rpm

Figure 9. - Effect of altitude on tail-pipe indicated
gas temperature. Ram pressure ratio, 1.30.
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Jot thrust, Fj, 1b.

6000
Ram pressure
- ratio
o 1.10
O 1.30 f/
5000 ¢ 1.50
A 1.70
v 2.00
0O 2.30
B 2.70 /
o 3.00
4000 / /P
?f ,//V
/ / /Y /:'
g
2000 p / 7 //o
///-/;/
1000 /?o/: ,/c
=
0 ]
4,000 6,000 8,000 10,000 12,000 14,000
Engine speed, N, rpml
Figure 10. = Effect of ram pressure ratio on jet thrust,

Altitude, 30,000 feet.



32

Net thrust, F,, 1lb

NACA RM EBOA3]

3000
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ratlo
o 1.l0
0 1,30 .
2500 Lo 1.50
A 1.70
v 2.00
() 2.30
D 2,70
<o 3.00
2000
1500
1000 =
500
0
A//
=500 -
4,000 6,000 8,000 10,000 12,000 14,000

Engine speed, N, rpm

Figure 11. - BEffect of ram pressure ratio on net thrust,
Altituve, 30,000 fest.
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Atr consumption, W,, lb/sec

33

Ram pressure
ratio
o 1l.10
O 1.30
70 < 1.50
A 1,70
v 2.00
0O 2.30 2
D 2.70 A A
o 3.00 /5
60 v
J
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50 / jag
ﬂY/ (// //v
A X
A
40 5/ v /<>
Vv /
30 (or® A Lo
///, T o
/
&
20
10 I
L
4,000 6,000 8,000 10,000 12,000 14,000

Engine speed, N, rpm

Filgure 12. -~ Effect of ram pressure ratio on air consumption.
Altitude, 30,000 fest.
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Fuel consumption, We, 1lb/hr

NACA RM ES0A3]

4500
4000
Ram pressure /
ratio
o 1.10
a 1.30 o
3500 < 1.50
A 1.70
v 2.00
Q 2.30
D 2,70
1% 3,00
3000 ; //
2500 /g//gz
2000 /// /
/¢;/ |
1500 // c/
1000 //.
oo A//‘
.‘ﬂ
o 1
4,000 6,000 8,000 10,000 12,000 14,000
Engine speed, N, rpm
Figure 13, - Effect of ram pressure ratio on fuel con-

sumption.

Altitude, 30,000 feet.
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Net-thrust specific fuel consumption, Wf/Fn, 1v/(hr)(1b thrust)

35
404 70& A
6.51 A
4,0
3.6
342
Ram- pressure
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o 1.10
<? o 1.30
2.8 o ) 1'50
& 1,70
v 2.00
o 2,30
D 2.70
o 3.00
2.4 \ \
%
1.6 \\\\Qg
1.2 [
4,000 6,000 8,000 10,000 12,000 14,000

Englne speed, N, rpm

Flgure 14, - Effect of ram pressure ratio on net-thrust

specific fuel consumption,

Altitude, 30,000 feet.
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Tail-pipe Indicated gas temperature, 'I‘6 T or
. »
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QUD4aboDo
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v

VAR

8600
4,000 6,000 8,000 10,000 12,000 14,000

Engine spsed, N, rpm

FPigure 15, - Effect of ram pressure ratio on tail-pipe
indicated gas temperature. Altlitude, 30,000 feet.
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Corrected jet thrust, FJ/B, 1b
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Corrected engine speed, N/A/G, rpm

Filgure 16, ~ Effect of altitude on corrected jet thrust.

Ram pressure ratio, 1l.30.




Corrected net thrust, F,/8, 1b
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eGeT
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Figure 17. - Effect of altitude on corrected net thrust.
Ram pressure ratio, 1.30.
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Corrected air consumption, Wq/8/8, 1b/sec
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Pigure 18, - Effect of altltude on corrected air consumptlon.

Ram pressure ratio, 1.30.
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Corrected fuel consumption, wf/é\/ﬁ, 1v/hr
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Figure 19, - Effect of sltitude on corrected fuel consumption,
Ram pressure ratio, 1.30.
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Figure 20, - Effect of altlitude on corrected net-thrust
specific fuel consumption. Ram pressure ratio, 1.30.
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Corrected tail-pipe indicated gas temperature, Tﬁ’i/e, °r
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Pigure 21. - Effect of altitude on corrected tall-pipe
indicated gas temperature. Ram pressure ratio, 1.30,
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Corrected jet thrust, Fj/ﬁ, 1b
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Figure 22, - Effect of ram pressure ratlio on corrected jet
thrust. Altitude, 30,000 feet.
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Corrected net thrust, Fn/b, 1b
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Pigure 23. - Effect of ram pressure ratlc on corrected
net thrust. Altltude, 30,000 feet.
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Corrected air consumption, Wa\/é_/b, 1b/sec
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Corrected fuel consumption, We/8V8, 1b/hr
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Figure 25. - Effect of ram pressure ratioc on corrected fuel

consumption. Altitude, 30,000 feet,
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Corrected tall-pipe Indicated gas temperature, Ts’i/e, °r
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Figure 27, - Effect of ram pressure ratio on corrected tail-
pipe indicated gas temperature. Altitude, 30,000 feet.
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Tail-pipe total pressure, Pg, in. Hg abs,
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Figure 28, - Effect of jet-nozzle size on tall-pipe total
pressure, Altltude, 30,000 feet; ram pressure ratio,
1'70.
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Turbine total-pressure ratio, P4/P6
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Figure 30. - Effect of Jet-nozzle size on turblne total-

pressure ratio. Altitude, 30,000 feet; ram pressure
ratio, 1.70.
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Enthalpy rise across compressor, AH,, Btu/lb, °R

b3

90
Jet-nozzle v§
80 diameter sf_
(in.)
< 18,00
o 18,41 -
o 18.75
A 22
70 <
o /
50 i/
_/
g
20 I
4,000 6,000 8,000 10,000 12,000 14,000

Engline speed, N, rpm

FPigure 31, = Effect of jet-nozzle size on enthalpy rise
across compressor.
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Turbine-inlet total gas temperature, T4,
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Tall-pipe indicated gas temperature, Te 47 ORrR
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Figure 33. - Effect of jet-nozzle size on tall-pipe in-
dicated gas temperature,
pressure ratio, 1.70.
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Filgure 34. - Effect of jJjetenozzle slze on air consumption.
Altitude, 30,000 feet; ram pressure ratio, 1.70.
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Fuel consumption, W, 1b/hr
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l1gure 35, - Effect of Jet-nozzle size on fuel consumption,

Altitude, 30,000 feet; ram pressure ratio, 1.70.
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Jet thmst’ FJ, lb
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Figure 36. - Effect of jet-nozzle aslze on jet thrust.
Altlitude, 30,000 feet; ram pressure ratio, 1.70.
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Flgure 37, - Effect of jet-nozzle size on net thrust.
Altitude, 30,000 fest; ram pressure ratio, 1.70.



Net-thrust specific fuel consumption, Wf/Fn, 1b/(hr)(1b thrust)
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Figure 38. - Effect of jJet-nozzle slze on net-thrust specific

fuel consumption. Altitude, 30,000 feet; ram pressure ratio,
1.70.
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